China is a large exporter and consumer of water embodied in export products. In addition, there is much trade among regions within China, and exports from various provinces consume not only local water but national nonlocal water. However, former calculations of the water consumption embodied in the exports of various provinces do not reflect the sources of the water consumption. Previous studies on virtual water in China's exports have focused on national aggregate analyses and have paid little attention to the inter-regional water consumption transfer driven by exports. We used a multi-regional input-output model of thirty provinces to examine the virtual water export. The results show that the total virtual water in China's exports was 106.3 billion m 3 , and 77.0% of the embodiment was from exports from the eastern provinces, where over 90% of China's exports occur. However, the virtual water driven by per unit of export in the eastern regions is far less than that in the central and western regions. Moreover, the central and western provinces, whose exports are small, indirectly export much virtual water by supporting eastern China's exports via inter-regional economic linkages. The results yield important implications for China's export and virtual water export control policy.
Introduction
According to studies on agricultural water management by Mohammad (Valipour, 2015; Valipour et al., 2015) , we believe that it is essential for China to have a water policy due to the unpromising state of water resources. China is plagued with severe water shortages, and its fresh water resources comprise 2,800 billion m 3 , accounting for 6% of global freshwater resources. However, China contains 21% of the world's population, resulting in a per capita water availability of only 2,200 m 3 . This availability represents a quarter of the world's average, one-fifth of the United States' availability, and ranks 121 in the world. China is one of the thirteen countries that lack per capita water resources. Regional water shortages will not only lead to pressure for water use, but will also negatively affect the water supply sector, resulting in a deterioration of the quality of the water supplied to the residents (Sadiq et al., 2007; Petkovic et al., 2011; Lindhe et al., 2012; Boryczko & Tchórzewska-Cieślak, 2014) . In addition, China is a major exporter according to figures released by the General Administration of Customs. China's national total export reached ¥14.39 trillion in 2014, continuing as the largest exporter in the world. Such large commodity exports will drive significant virtual water outflow. Virtual water refers to the water resources that the production of goods and services require, an innovative concept put forward by Allan (1993) in the early 1990s. Much virtual water export undoubtedly exacerbates the shortage of water resources and the deterioration of the quality of the water supplied to the residents. However, China remains a country with large regional differences, which not only manifest in its level of economic development but also reflect its endowment of water resources. Due to the extensive division of labor in manufacturing processes and trade contacts among provinces, provinces produce different quantities of export products at different stages. Any given province indirectly exports the water resources of other relevant provinces when exporting commodities, which leads to the redistribution of water resources in various regions with exportation from various provinces.
Previous studies have generally only considered the trade flow of virtual water between China and other countries or the virtual water export in various industries across the country. They have not used appropriate methods and data to embody the export of virtual water in various industries in various provinces to assess their differences. Furthermore, previous studies on virtual water export in China have failed to evaluate the virtual water export in each province that is indirectly driven by the exports of the other domestic provinces. Addressing these issues will provide reasonable policy basis recommendations and suggestions to relieve the shortage of water resources in China and, in particular, ease the issue of unevenly distributed water resources.
Literature review
Many scholars have studied virtual water, although the depth and methods of research are different. For example, Sun et al. (2013) studied water footprint intensity spatial distribution patterns and evolution trends over 15 years via an exploratory spatial data analysis based on the water footprint calculation of China's thirty-one provinces (cities, districts) from 1995 . Liu et al. (2011 developed a general model and an improved model of agricultural virtual water domestic trade gravity of time and space based on the classical gravity model and the time gravity model. They analyzed the panel data of China's twenty-nine provinces (cities, districts) and the influencing factors on China's agricultural virtual water net domestic outflow. Xu et al. (2011) developed mathematical analysis models from the technology level, the industry level and the district level and demonstrated how to promote a water shortage region's economic growth via virtual water trade. They also illustrated the contribution of virtual water trade on the economic growth in China based on China's international agricultural virtual water flow patterns from 2005 to 2009. However, among the previously reported studies on virtual water, the input-output method is the most common and most effective method used in China and abroad. When analyzing the problems related to virtual water using the input-output method, scholars have primarily used the methods and levels discussed below.
Studies on the water footprint and virtual water problems in some regions use a single regional inputoutput model to measure and analyze the total water footprint or industry strength of virtual water and occasionally involves the virtual water trade with other regions. Cai et al. (2012) calculated and analyzed the intensity of virtual water and the water footprint of primary industries, secondary industries and tertiary industries of the Gansu province in 1997, 2002 and 2007 based on the single regional input-output method. They found that the intensity of virtual water of primary industries was the highest and decreased year-by-year. They also analyzed the virtual water trade of the Gansu province and showed that Gansu is a net exporter of virtual water. Wang et al. (2013) used an adjusted single regional input-output method to measure the total water use of all departments in Beijing in 2002 and to analyze the total water consumption and its change in primary water consumption departments. The results showed that the intensity of the water for agriculture and industries was decreasing. Yu et al. (2010) also used a single regional input-output method to explore the virtual water trade patterns in England. The authors found that the water-poor southeast area's water footprint was 22% higher than the water-rich northeast area. The total water footprint of the southeast area was two times that of the northeast. Mubako et al. (2013) used this method to study the state of virtual water of California and Illinois and found that the two states are net exporters of virtual water and that most of the virtual water outflow was due to the high water consumption intensity and low value-added departments.
The multi-regional input-output (MRIO) model primarily focused on virtual water trade and transfer between a region and the remaining areas. This method creates a new category that differs from the method described above. When studies involve multiple regions, it is necessary to introduce a MRIO model, which is the primary method to evaluate inter-regional virtual water trade and transfer. To estimate the virtual water trade between Shanxi and other provinces and to reveal the spatial pattern of Shanxi's virtual water trade, Li et al. (2012) applied a MRIO model in their study. By combining the trade data of other provinces in China, both the degrees of agriculture and industry virtual water trade were calculated. Shanxi primarily imported virtual water from western and northeast China, and exported virtual water to eastern coastal provinces. This is contrary to the traditional virtual water strategy. Based on MRIO model and the socio-economic data of 2007, Tan et al. (2013) studied the water footprint and the composition of its origin in the Guangdong province, revealing how each province contributed to the water footprint of the Guangdong province. In addition, using the MRIO model, Zhang et al. (2011) studied the water footprint composition and the virtual water transfer of Beijing.
Using the MRIO model, scholars have studied the water footprint of each province in China and have measured the virtual water transfer due to regional trade. They have also utilized the MRIO model in the same manners as described above. The difference is the research object, which extends from a single region to all parts of the country. Wang (2014) studied regional virtual water trade space distribution law and change tendency in China from 2002 to 2007 based on the regional input-output model to identify whether regional trade in China truly played a role in relieving the pressure of water deficiencies. According to the results, the current trade adjusting tend among the various regional departments in China and the changes in regional virtual water trade patterns were both not conducive to relieve the water resources shortage problem caused by uneven distributions. Zhou & Shi (2008) presented an improved input-output table calculation model of water resources, bringing fresh water usage and wastewater discharge into the national economic industry value input-output table to construct a mixed input-output table of value-entity type. Then, the volume of inter-regional virtual water trade was obtained intuitively and accurately using the method and the authors put forward various problems that should be urgently addressed when China implements a regional virtual water strategy. Guan & Hubacek (2007) divided China into eight regions and designed a corresponding MRIO model to measure and evaluate China's inter-regional trade structure and virtual water transfer. The results showed that the current structure of China's trade is not conducive for the rational allocation of water resources. In the north, water scarcity outflowed 5% of their available water, whereas the south is rich in water resources, but instead imported water from other regions. Dong et al. (2014) used the model to study the water footprint and virtual water trade of each province in China. The results showed that the water footprint was closely related to the gross domestic product (GDP) of the province, as developed provinces tended to import virtual water and the north and west provinces with poor water exported the most virtual water.
Using a single regional input-output model, we can study virtual water net exports of various industries in the development of China's external trade. Because China has become the largest exporting country in the world, many merchandise exports cause loads on the virtual water outlets. This type of research utilizes a single regional input-output model, computing the coefficient of water usage, calculating the virtual water net export quantity based on foreign trade data, and then providing ideas for foreign trade strategies from water-saving point of view. He et al. (2011) computed virtual water input and output quantities of seventeen industries across the entire country of China for 2002, 2005, and 2007 . The results showed that China was a virtual water net export country, and the quantity was still increasing. They also provided a detailed instruction of the primary regions and industries of virtual water export. Zhao et al. (2009) reported a computational model for the water footprint by summarizing the virtual trade based on input-output analysis technics and the consumption calculation model. They computed the direct water usage coefficient, the final consumed virtual water quantity, the water footprint and the import and export of virtual water using the input-output table of 2002. The result showed that the direct water consumption coefficient and the volume of virtual water in agriculture and power, heat, and water were bigger than that in other departments in China, and other departments consumed much water indirectly. China is a net exporter of virtual water, which is primarily concentrated in the light industries and services. Zhu & Gao (2009) also used the single regional input-output method and calculated the foreign trade of virtual water from 2002 to 2007. They performed an empirical analysis of the problems in the current structure of China's foreign trade in light of water resource conservation.
In summary, previous studies generally include the following two deficiencies in their input-output method for studying the issue of China's virtual water:
(1) When studying the issue of China's virtual water, previous studies have adopted MRIO model but only studied the situation of transferring virtual water among various regions of China due to interprovincial trade. They failed to extend their research to foreign export and did not calculate and analyze the export quantity of virtual water to foreign countries.
(2) When combining studies on the issue of virtual water with foreign export, previous studies applied the single regional input-output model and usually considered the entire nation of China as the research object. Thus, they did not evaluate virtual water export from various provinces in detail. As a result, the direct export of local virtual water and the indirect export of non-local virtual water due to the export products of the each province are neglected. In addition, studying the foreign export of China's virtual water with the single regional input-output model utilized the national average water use coefficients of various industries to measure the export quantity of virtual water. Such studies neglect different industrial structures and the different water-use efficiency of products among various provinces of China. Therefore, the virtual water export from China cannot be accurately measured and calculated to show differences in the virtual water export among various regions of China.
Hence, the MRIO model is more appropriate for comprehensively evaluating the source of actual water consumption of export products among various provinces of China. Its advantages lie in combining the model with the input-output data, water-use data, and foreign trade data of various provinces and calculating the export quantity of virtual water from various provinces due to the exports from each industry in each province.
Methodology and data

MRIO model
The input-output method was first proposed in the 1930s by the economist Leontief and was used to reflect the relationship between the various sectors (industry) of the economy. As a MRIO table is an extension of single region input-output tables in that it reflects the inter-regional trade of commodities and services. It is more comprehensive and systematically reflects the economic relations among multiple regions in contrast to the single regional input-output table. Chenery (1953) and Moses (1955) put forward the MRIO model. The model assumes that the composition and sources of regional goods that have different uses (intermediate input, final consumption and investment of the different departments) are indiscriminate. Therefore, we only need to obtain the data for each department product flow in each region and do not need to develop a regional product flow matrix. Compiling a MRIO table that contains the volume of water consumption can aid in finding the physical and technical connection of water consumption among different departments in different regions. The specific methods and calculation steps are as follows.
Assume that there are n regions, and each region is divided into m sectors (each sector produces a homogeneous product). The balance of production activities in region r can be expressed as Equation (1), that is, the total output in each sector equals the output used as the intermediate input plus the output used as the final consumption:
(1) where x rs ij is the intermediate sector monetary flow from sector i in region r to sector j in region s (r, s ¼ 1, 2…m; i, j ¼ 1, 2…n), f rs i is the final demand of region s for products in sector i from region r, e r i is the export of sector i in region r, and x r i is the total output of sector i in region r. a r ij is the direct consumption coefficients of region r, which indicates that sector j in region r produces per unit of product in demand of sector i in the national regions. We define it as:
According to the product-flow origin and destination (O-D) matrix, we can calculate the proportion of product i used in region r that comes from region s and the proportion of product i used in region r that comes from region r, as follows: is the total shipments of product i into region r from all regions (see Table 1 ).
Substituting Equation (2) and Equation (3) into Equation (1) yields the following equation:
Converting the above formula to matrix form yields:
where X is the output matrix, A is the technical coefficient matrix, and C is the trade coefficient matrix, F is the final demand matrix, and E is the export matrix. x r i is the output of sector i in region r. in which the elements show the proportion of the total amount of each product used in region s that comes from region r. Let
where A r is the technical coefficient matrix indicating the intermediate inputs of region r from both within the region and outside regions (including imports). Rewriting Equation (5), we can obtain Equation (6),
To remove CF from Equation (6), we obtain Equation (7),
where XE is the output driven by the exports of the entire nation. We can further obtain the production in region s driven by the exports of region r:
. . in which the element represents the production in region s driven by the exports of region r. Thus, we can further obtain the virtual water in region s induced by the exports of region r: 
Results and discussion
Obvious differences among the eastern, central, and western regions of China exist in the level of development and water resource potential (the eastern region includes eleven provinces -Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan; the central region includes eight provinces -Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan; the western region includes eleven provinces -Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang). Therefore, in this paper we analyzed the state of virtual water export of thirty provinces and the three macro-regions (that is, the eastern, central, and western regions) in China.
An analysis of the pulling effect of export from various regions on the export of national virtual water
For each province, the total national virtual water induced by the province's exports includes the water consumption of export commodities locally and in other provinces. This indicator can reflect the impact of each region's exports on the water consumption of the entire country. Table 2 not only presents data from all provinces but also the commodity export data of the provinces, so the relationship between the national virtual water driven by exports from each province and local exports can be analyzed. First, the national virtual water exports are mainly driven by exports in eastern China due to the high volume of exports from the eastern region, but the virtual water export driven by each export in the eastern region is less. According to Table 2 and from the perspective of the eastern, central and western parts, the eastern region exported commodities worth ¥8,420 billion, which comprised 92.2% of the total national export. However, the export quantity of the national virtual water driven by the exports from the eastern region only occupied 77.0% of the total export quantity of national virtual water. The exports from the western region accounted for 3.4% of the national export, promoting 14.8% of the export of national virtual water. The central region, whose exports accounted for 4.4% of national exports, pulled 8.2% of the export of national virtual water. Accordingly, the unit export commodity of the eastern region consumed one-fifth of the water used by the unit export commodity of the western part and half of the water used by the unit export commodity of the central part. There were two main reasons for this result. First, the eastern region used water more efficiently when producing the same export commodity compared to the central and western regions. Second, the respective export commodities of the eastern, central and western regions presented huge differences. Specifically, the eastern region focused on exporting commodities characterized by low water consumption, whereas the central and western regions primarily exported commodities characterized by high water consumption.
Second, provinces with small exports are likely to pull a large amount of the national virtual water exports. The Guangdong province ranked highest according to the array of the export quantity of national virtual water driven by export from various provinces. In 2007, the exports from the Guangdong province boosted export to 23.1 billion m 3 of virtual water across the country, accounting for 21.7% of the total export of national virtual water. The major cause was that the Guangdong province had a large amount of exports and exported a total of ¥2,870 billion in 2007, which accounted for 31.4% of the national exports. Ranking second in export quantity, the Jiangsu province, with 14.8% of export quantity, propelled 17.6% of the export of national virtual water. The export quantity of virtual water pulled by the export of the Jiangsu province was also second in the country. The eight top-ten provinces in pulling the export quantity of the national virtual water were in the eastern region, and the export quantity of these provinces ranked top throughout the country. Xinjiang and Heilongjiang accounted for 8.9% and 2.1%, respectively, of the export quantity of national virtual water, but their export quantities only held a small proportion of the national export quantity, namely 0.3% and 0.4%, respectively. This is because the two provinces are typical provinces exporting agricultural products, and agricultural sectors belong to typical sectors with low prices and high water consumption. The virtual water export driven by agricultural from Xinjiang and Heilongjiang respectively reached 12.95 billion m 3 and 3.72 billion m 3 . Moreover, a great deal of virtual water was exported by the mining industry, the petrochemical industry and power, heat, and water industries in the Heilongjiang province. These sectors were also characterized by high water consumption and exported 1.06 billion m 3 virtual water.
An analysis on the water consumption intensity of unit export commodities of various provinces
We divided the national virtual water in exports from each region by the volume of the exports of each region to produce the water consumption per unit of export commodities. This value can reflect the differences in the efficiency of water use in the production processes of exports in the various regions of China and it can aid in the analysis of the different types of exports and different water technologies in the various regions.
As shown in Figure 1 , the export quantity of the national virtual water driven by the unit export of Xinjiang reached 0.339 m 3 /¥, which exceeded all other provinces. Xinjiang was followed closely by Ningxia, with a unit export value of 0.098 m 3 /¥. Guangdong, Tianjin, Shanghai, Shanxi, and Beijing ranked the lowest. Except for Shanxi, these provinces made up regions with relatively developed economies and that focused on exporting low water consumption and high value-added commodities. Furthermore, the proportion of tertiary industries in these provinces far exceeded the proportion of secondary industries, whose production links primarily consumed little water. Among the top ten-ranking provinces in pulling the export quantity of national virtual water by virtue of their unit export, only the Hainan province with a relatively underdeveloped economy is in the eastern part; the other provinces are in central and western parts. Moreover, several traditional agricultural provinces, such as Xinjiang, Heilongjiang, Jilin, Jiangxi and so on, have unit exports with high water consumption, which indicated the primary cause for the large differences in the export quantity of national virtual water pulled by the unit export of various provinces was that the export commodities among the various provinces were highly different.
An analysis on the pulling effect of national exports on the virtual water export of various provinces
For each province, the pulling effect of national exports on the local virtual water export is the export volume of local virtual water that is driven by local exports and exports from other regions; specifically, the local virtual water embodied in China's total exports. It can reflect the impact of China's exports on the water consumption of each region. Table 3 presents the results of this analysis. We analyzed the data together with the export volume of each region to take the water consumption into account when evaluating the benefits created by the exports of various provinces. Each region is presented in Fig. 1 . Export quantity of the national virtual water pulled by the unit exports of various provinces.
descending order of the ratio of the local virtual water embodied in China's total exports to the local export volume.
First, the central and western regions have contributed a large amount of water to the exports of eastern region. As shown in Table 3 , the pulled export quantity of virtual water in various provinces of the eastern part is the largest, namely 58.5 billion m 3 , followed by 27.4 billion m 3 in the western regions, and 20.4 billion m 3 in the central regions. The pulled exports of the virtual water of the three regions correspond to 55.0%, 25.8% and 19.2%, respectively. When these data are compared with the proportion of total national virtual water induced by exports from these three regions (see Table 2 ), the following findings are quite striking, namely, the eastern region, with 92.2% of national export quantity, boosted 77.0% of the total export of national virtual water (as in Table 2 ), but the quantity of the virtual water export pulled by the national exports in this region only made up 55.0% of the total export quantity of the national virtual water. In other words, the export quantity of the virtual water pulled by the exports of the eastern region in other regions made up at least 22% of the total export quantity of the national virtual water (55.0% of the export quantity of the virtual water in the eastern region was partly driven by other regions). In contrast, the western region exported only 3.4% of the national commodities, but the pulled export of the virtual water in the western provinces accounted for 25.8% of the total export quantity of the national virtual water. The central region exported only 4.4% of the national export quantity, but its export quantity of virtual water amounts to 19.2%.
The central and western regions had small export quantities. However, the central and western regions contributed a good deal of water to national (mainly eastern region) exports. Without doubt, this situation will intensify the problem of the shortage of water resources in the central and western regions. In addition to the above-mentioned differences in the export commodities of the various regions in water consumption intensity, there were two additional reasons for this situation. First, the central and western regions primarily undertook the upstream links of producing export commodities due to geographic and technical differences. These links usually consume a large amount of water. The eastern region primarily undertook technology-intensive links and consumed less water. Second, the central and western provinces primarily exported high water consumption and low value-added products to the eastern provinces in the process of provincial import and export. Inversely, the eastern provinces exported low water consumption and high value-added products to the central and western provinces.
Second, most central and western provinces export a large amount of local virtual water but less products. The distinct confines of 'west, central, and east' among various provinces run from the top to the bottom of Table 3 . Six of the top ten provinces are from the western region, and four from the central region. However, the ten provinces at the bottom of the list are all in eastern region except for Hebei and Hainan, which indicates that the exports of most of the central and western provinces play a lesser role in promoting their economies, but they consumed a relatively large amount of local water resources due to the national exports, and the opposite occurred in the eastern provinces. For example, Xinjiang consumed 13.1 billion m 3 of virtual water due to China's total exports while receiving economic benefits of only ¥2.78 billion from local exports. The ratio of these two quantities was up to 0.5, while this ratio for Beijing was only 0.0011, indicating that while the same benefit was received from exports, the cost of water consumption in Xinjiang was much higher than that in Beijing by supporting China's total exports. However, in the past, the evaluation of the export activities of the provinces only encompassed the economic benefits without considering the differences in the cost of water consumption in the provinces, or the need for relevant support and compensation in the central and western provinces.
A comparative analysis on pulling and pulled export quantities of virtual water of various provinces
Respective discussions were held regarding the national virtual water driven by the export of various provinces and the virtual water export in various provinces driven by national exports, and an analysis was conducted by combining the export quantity of the various provinces above. However, the above two datasets of various provinces were not displayed and analyzed comparatively. For each province, if the former is greater than the latter, the province has a net import of virtual water from other provinces, if the former is less than the latter, the province has a net export of virtual water to other provinces. In addition, we added the indicator of local embodied virtual water to the local exports, and compared it with the above two indicators to reflect the local virtual water from non-local exports and the non-local virtual water from local exports (Figure 2) .
First, individual eastern provinces provide large amounts of water to support the export of the other regions, whereas the export of the eastern provinces pulls a large export of the virtual water of other provinces. According to Figure 2 , the national virtual water embodied in the local exports in the eastern region, including Beijing, Tianjin, Shanghai, Zhejiang, Shandong and Guangdong, was much higher than the local virtual water embodied in the national exports in these provinces. Thus, the export quantity of the virtual water in these provinces was pulled by their own exports, which indicated that the export of these provinces consumed much of the water resources of other regions in addition to using their own water resources. Except for consuming the plentiful water resources of other provinces for its export, Jiangsu also expended significant local water resources due to the influence of national exports. Hebei is a water-shortage region, and the local virtual water embodied in national exports was much larger than in local exports, as Hebei provided abundant water resources to support the economic development of Beijing and Tianjin.
Second, the export quantity of national virtual water pulled by the export of the central and western provinces is derived locally and these provinces provide a certain amount of water consumption for the exportation of products in other regions. For each province in central and western regions, the total export quantity of national virtual water in local exports was less than that of the local virtual water in total national exports, which was in contrast to the state of the eastern provinces. In addition, this finding was more obvious in Heilongjiang, Anhui, Hunan, Inner Mongolia, Guangxi and other provinces, which further illustrated that the central and western regions offered plenty of water to the exports of the eastern region. Additionally, in terms of the central and western provinces, the local virtual water embodied in local exports was roughly equal to the national virtual water embodied in local exports. Namely, the exports of these provinces consumed almost no water resources of other provinces.
An analysis of virtual water export of each sector in the provinces
We calculated and analyzed the proportion of virtual water exports in various industrial sectors in each region driven by China's exports (Figure 3) , to comprehensively identify the key sectors of virtual water export in each province and explore the internal reasons for the disparity between the provinces.
First, the export of virtual water in each province mainly arises from agriculture and power, heat and water. The proportion of virtual water export from these two sectors accounted for 61.4% and 21.9% of the nation's total virtual water exports. Especially in Xinjiang and Ningxia, where the contribution of agriculture was greater than 90%. On the other hand, the construction industry and building material production are sectors with less virtual water export, and their proportion of virtual water export accounted for only 0.26% and 0.03% of the national's total virtual water export. These phenomena result from the high water consumption by agriculture and power, heat and water and the low water consumption and lower export volume by the construction and building material industries.
Second, a considerable difference in the proportion of virtual water export exists in each sector among the provinces. For example, agriculture and power, heat and water in Shanghai are responsible for only 48% of Shanghai's total virtual water exports, while the percentage for other provinces was greater than 68%. In addition, the proportion of virtual water exports from the food, wood, paper, textiles and clothing industries in several of the eastern provinces (that is, Shanghai, Jiangsu, Zhejiang, Fujian and Guangzhou) is higher than in the central and western regions. However, the mining industry in the Fig. 3 . Proportion of virtual water exports of each sector in the provinces. central and western provinces was responsible for a higher percentage of virtual water exports than in the eastern provinces. This is closely related to the marked differences in the industrial structure of the provinces.
Conclusions and recommendations
According to previous studies, exports from China contain significant virtual water export. However, in this study, using MRIO, we found that our exports not only caused significant virtual water outflow, but that exports from eastern China contributed more than 90% of the total exports and generated around 77% of China's virtual water outflow, the central and western provinces accounted for less than 10% of exported goods, nonetheless, pulled approximately 23% of China's virtual water outflow.
In addition, this study found that, due to the differences in water use efficiency of production, export commodity groups, and production division of labor, economically developed regions, such as the eastern provinces, generally export commodities of low water consumption intensity, whereas the central and western provinces generally export commodities of high water consumption intensity.
Finally, by comparing the volume of exports and virtual water export, we found that, although the eastern region exports many products, its local virtual water export driven by its own exports is low. In contrast, the central and western regions contributed to significant virtual water exports for the eastern region export. In addition, virtual water induced by China's exports in the central and western regions is greater than that in the eastern regions but the same economic benefit is derived from the exports. Regarding the central and western regions, the national virtual water export driven by their own exports are derived almost completely from local sources; that is, the product exports of the central and western regions consume scarce water resources from other regions. This shows that in the provincial trade of high water consumption products, primarily central and western regions export to the eastern region, and most products from the eastern region export to the central and western regions for the export-oriented products. Furthermore, the volume of the virtual water exports from agriculture and power, heat and water in the various provinces were usually large, while the construction and building materials industries exported less virtual water. Because there are differences in various provinces in terms of industrial structure and the division of labor, the volumes of virtual water export in each sector from each province are distinctly different.
In terms of policy recommendations, firstly, we should prompt the central and western regions to improve the production process and technical level and to improve water use efficiency, especially for high water consumption industries in the water-shortage provinces.
Secondly, when evaluating the benefits created by the exports of various provinces, the water consumption caused by export should also be taken into account. The central and western regions contributed a large amount of virtual water for the eastern regions' exports; therefore, because they received great economic benefits from these exports, the eastern regions should provide appropriate financial compensation and technical support to the appropriate water supply regions, so as to alleviate water shortages in these regions. According to the analysis above, the current industrial structure in China will worsen the condition of water shortages in the water-short regions, and the water-rich regions consume little water at present, which means that the current industrial structure in China is not conducive to balance the unevenly distributed water resources in China. Promoting nationwide industrial restructuring by transferring the high water-consuming export industries from the western region to the eastern region will effectively ease the water shortage in China's central and western regions. In addition, the water-short regions should reduce the production and export of high water-consuming products, especially for those with low added value that are useless for stimulating the local economy.
